The aim of the study was to evaluate changes in chemical composition of litter during early stages of decomposition based on a comparative analysis of published 13 C NMR spectra. We collected over 130 13 C NMR spectra from peer-reviewed articles that contained spectra for undecomposed litter and for litter in at least one stage of decomposition. We measured the areas of peaks representing individual chemical components and interpreted the proportions of those peak areas as proportions of respective chemical components. Results indicate that fresh herb litter tends to contain more carbohydrates and less phenolic compounds and to have lower remaining mass, indicating faster decomposition. Carbohydrates consistently decrease during decomposition, while the proportions of aromatic and aliphatic compounds increase. Changes in the proportions of individual chemical components are negatively correlated with their initial content. The proportion of aromatic components correlates positively with the C/N ratio and negatively with the decomposition constant.
Introduction
Soil is a major part of the global carbon cycle (Schlesinger, 1990) . Litter is considered to be a key organic source of carbon input into the soil, so litter decomposition plays a crucial role in the Earth's carbon budget. Litter decomposition influences soil biogeochemistry of plant stands and affects the formation of soil organic matter (SOM). Due to its decomposability litter affects organic carbon accumulation in the soil and, consequently, stabilization of SOM (Lv and Liang, 2012) . Differences across ecosystems are the result of different climates, varying litter input into the soil (Aranda and Comino, 2014) , and changing availability of litter carbon for decomposition and potential carbon stabilization in soil (Six et al., 2002) . SOM, in turn, determines important soil properties, including its fertility. The mechanisms of carbon stabilization in soils are still not well understood, although they have received much attention recently (Lützow et al., 2006) . The stabilization of SOM entails physical protection and chemical changes. Physical protection of soil organic matter comprises binding of SOM into soil aggregates and coating by clay minerals (Oades, 1984) . Chemical changes include the formation of humic substances, which are either aromatic (humic and fulvic acids) or aliphatic (humin) in character (Aiken, 1985; Song et al., 2011; Abakumov et al., 2013) . There is still some uncertainty, however, which compounds in litter have greater relative stability in the soil and which compounds contribute most to the formation and stabilization of SOM (Lorenz et al., 2007) .
Litter quality is considered to be one of the most important drivers of litter decomposition (Kara et al., 2014) . Especially critical for organic matter dynamics are the C/N ratio and the content of nitrogen and lignin (Swift et al., 1979; Bonanomi et al., 2013 ).
Litter quality is widely studied through relationships between litter stoichiometry and the rate of decomposition (e.g. Hobbie and Vitousek, 2000) . Small sample amounts provide structural information about the material studied without the need to extract it.
We focused our research on aliphatic, aromatic and carbohydrate components. The objective of this study is to evaluate the patterns of changes in chemical composition of litter during the process of decomposition. We especially focused on aliphatic and aromatic compounds, which have been considered as the fundamental components of stable organic matter.
Methods
Using the keywords "litter decomposition", "litter decay" and " 13 C NMR spectroscopy", we searched the Web of Science (http://apps.webofknowledge.
com) for papers which published original 13 C NMR spectra. There are more related, especially early, NMR literature which was not possible to include in this study (e.g. Hempfling et al., 1987; Preston et al., 2000; Baldock et al., 1992 The C/N ratio positively correlates with the content of aromatic components (see Table 3 ). Temperate litter has a significantly higher C/N ratio than tropical litter 
Initial litter quality

Changes of litter during litter decomposition
Results obtained using all spectra indicate that aroma tic and aliphatic compounds increase significantly du ring decomposition whereas the proportion of carbohydrates significantly drops (Figure 2 ).
The NMR spectra of decomposed material were divided into categories representing two stages of decomposition: (1) lasting less than one year and (2) lasting more than one year ( This is supported also by classical theory that aromatic components form substantial portion of humic substances: fulvic and humic acids. On the other hand, the accumulation of aromatic compounds is not necessarily the dominant process taking place during humification (Lorenz et al., 2000; Ono et al., 2000) , and aromatic compounds may not necessarily be the building blocks of humic substances (Almendros et al., 2000) . Data from a recent study (Abakumov et al., 2013) show that decomposition of litter with a higher content of lignin and a higher lignin/N ratio leads to a higher proportion of low-molecular fulvic acids and that litter with a lower lignin/N ratio leads to humic acids with higher aromaticity.
The C/N ratio decreases during litter decomposition.
The decrease depends more on the value of the C/N ratio at the start of the decomposition (0.605, p<0.01) than on the decomposition period (0.262, non significant).
Discussion
The collected data demonstrate a significant increase in the proportion of both aliphatic and aromatic compounds during litter decomposition, although the proportions do not necessarily increase in all cases.
Aromatic compounds have been widely assumed to be highly resistant to decomposition and have therefore been thought to control litter decomposition (De Marco et al., 2012) , which is in agreement with our observation. A signal indicating aromatic Cepáková and Frouz
Our results also show increase in aliphatic alkyl structures that accumulate during litter decomposition which is in agreement with other studies (Baldock et. al., 1992; Almendros et al., 2000) . Most studies have revealed a relative increase in alkyl intensity over the duration of the decomposition process (Lorenz et al., 2000; Lorenz et al., 2004; Quideau et al., 2005; Carvalho et al., 2009; De Marco et al., 2012; Bonanomi et al., 2013) . The alkyl intensity peak is assumed to come mainly from recalcitrant surface waxes, cutin, suberin, lipids and amino acids. The increase of aliphatic carbon compounds in litter of different types could also be caused by microbial synthesis (Hopkins et al., 1997) . Aliphatic carbon compounds could increase due to cross-linking of long-chain alkyl compounds during humification (Kögel-Knabner et al., 1992) . Recently, several studies (e.g. Almendros et al., 2000; Mathers et al., 2007) have emphasized the role of aliphatic compounds as a resistant fraction of litter, which is in agreement with our results. Our results also corroborate the recent observation that humin, the most recalcitrant organic soil fraction, is composed mainly of aliphatic hydrocarbons (Simpson et al., 2002; Song et al., 2011) by a thick waxy cuticle, which is important in decomposition (Quideau et al., 2005) . In our study, we found a strong gradient in litter quality between temperate and tropical plants. This finding has to be taken with caution because the plants whose litter was considered in the available studies may not be representative of the vegetation in the given regions.
On the other hand, our results, which show that temperate plants are more associated with higher C/N ratios and higher lignin content, are in agreement with the findings of Aerts (1997) that temperate plants have significantly higher C/N ratios than tropical ones.
Conclusion
As already mentioned in the introduction, both stoichiometry and chemical composition of organic matter play important roles in litter decomposition.
Our results support this; there is a significant correlation between the decomposition constant k and initial content of carbohydrates and aromatic compounds. Our results, however, also show that there is a strong correlation between the C/N ratio and initial content of aromatic components, which means that stoichiometry and organic matter composition are at least partly linked.
There is an obvious increase in the content of aromatic and aliphatic compounds during litter decomposition.
We therefore expect these components to play relevant roles in humification processes and, consequently, SOM stabilization. 
